The GI/Ek/l queue with fmite waiting room is investigated by using a combination of the supplementary variable and phase techniques. We start by studying the steady·state joint distribution .of the number of phases present and the elapsed time since the last arrival. From this distribution, we obtain the distributions of the number of customers both at an arbitrary moment and just after an arrival. Furthermore, we show some interesting properties on the mean number of customers from numerical examples.
Introduction
Many researchers have analysed queueing systems with finite waiting room.
Kei1son [5] derived several results on the M/G/l/N and the GI/M/l/N queues, where N denotes the maximum number of customers allowed in the system. The M/G/l/N queue was also studied by Cohen [1] and he gave some further references. In recent years, Trus10ve [7] obtained the asymptotic queue length distribution just after a departure for the E,(G/l/N queue by using a phnse technique. Also he [8] studied the busy period for the E,(G/l/N queue.
Hokstad [4] studied the joint distribution of the number of phases present and the remaining service time of a customer in service for theE,(G/l/N queue. He obtained not only the queue length but also the waiting time and the idle period distributions and the mean length of the idle and busy periods.
He [3] also treated the GI/M/m/N queue.
In this paper, we shall study the joint distribution of the number of phases present and the elapsed time SinCE! the last arrival for the GI/E,(l/N queue in the steady-state. The distributions of the number of customers both at an arbitrary moment and just after an arrival are also derived. Finally, we show some interesting properties on the mean number of customers from numerical examples. 375 
Assumptions and Notation
We consider a GI/E7I1 queue with finite waiting room. We assume that the maximum number of customers allowed in the system is N, i.e., the number of waiting places is N .-1. Due to Kenda11's notation [6] , this system will be denoted by GI/E7I1/N.
For the GI/E7I1/N queue, it is assumed that interarriva1 times are independent and identically distributed nonnegative random variables having a distribution function A (x) (x ~ 0) with a probability density function 
A(x)
Further let T be the elapsed time since the last arrival at an arbitrary moment. Service times of arriving customers are random variables distributed according to the k-phase Er1ang distribution with mean 1/~. We assume that the maximum number of customers allowed in the system is N including a customer in service. A customer who arrives at the moment when the number of customers present is N is not admitted to the system. He disappears and never returns.
Since the service time distribution is the k-phase Er1ang, ea:ch service time of arriving customers can be decomposed into k independent phases which are distributed exponentia11y. Let Q be the steady-state number of customers in the system, X the number of phases to be served for customers in the system and J the number of phases remaining in the service facility for a customer in service. 
The normalizing condition
should be imposed on these probabilities {p.(x), x ~ o}.
It is shown inductive1y that the general solutions of the system of linear differential equa- 
Z=O

J=O
Noticing the equality for arbitrary sequences {~i} and {~i}
and using (3.5), we have that
i=O 1.- From (3.4) and (3.7), we have the equation a.
or (3.5) and (3.10).
Now we determine
which is the probability of i phases in the system at an arbitrary moment.
Using the relation
Furthermore the probability of i phases in the system just after an arrival is defined by
We obtain from (3.6) and (3.8) for i 
*
Hence, if we let qn and , respectively, be the probabilities of n customers in the system at an arbitrary moment and just after an arrival,
The mean waiting time and the number of customers can be derived from these probabilities. The GI/Ek/1 Queue with Finite Waiting Room
Some Examples
A/p. Clearly, we have
and From (3.5), (3.11) and (3.12) we obtain From these tables we observe in light traffic that
On the other hand, in heavy traffic it holds that * * * * 
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